Background/Aims: The aim of this study was to determine the risk factors of multiple gastric polyps according to the histological classification of gastric polyps. Methods: Subjects with multiple gastric polyps (at least three) during endoscopy were enrolled prospectively. They were assigned to a fundic gland polyp (FGP) group and hyperplastic polyp (HP) group based on a histological classification of gastric polyps. Helicobacter pylori (H. pylori) was confirmed by its histology. Serum gastrin was measured using the radioimmunoassay method. A questionnaire was taken regarding the intake of proton pump inhibitor and nonsteroidal anti-inflammatory drugs, alcohol, smoking history, and diet. Results: Among the 60 subjects enrolled from 2015 to 2018 at Seoul National University Bungdang Hospital, 47 and 13 subjects were assigned to the FGP and HP groups, respectively. The H. pylori infection rate was 12.8% in the FGP group, which is lower than that in the HP group (69.2%, p<0.001). The gastrin level was higher in the HP group (194.7 pg/dL, range 50.6-387.8 pg/dL) than in the FGP group (57.4 pg/dL, range 24.8-79.0 pg/dL) (p=0.007). Histologically, neutrophil infiltration in the antrum and body of the stomach were higher in the HP group than in the FGP group (p=0.022 and p=0.030, respectively). In contrast, monocyte infiltration in the antrum and body of the stomach were higher in the FGP group than in the HP group (p=0.018 and p<0.001, respectively). Conclusions: HPs arise from inflammation caused by H. pylori. On the other hand, the FGP was not associated with H. pylori or environmental factors. (Korean J Gastroenterol 2019;74:17-29) 
INTRODUCTION
Most gastric polyps are usually asymptomatic. They are found incidentally in approximately 2% of upper endoscopies performed for unrelated reasons. 1 A health check-up program designed to detect gastric cancer was implemented by the
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Korean government in 2001 for a biannual evaluation of
Korean citizens aged more than 40 years. Since then, gastroscopy has become common and asymptomatic gastric polyps have been discovered increasingly. In recent years, the incidence of multiple gastric polyps has also increased. 2 The most common type of gastric polyps detected by endoscopy are epithelial polyps, including fundic gland polyps (FGPs), hyperplastic polyp (HP), and gastric adenoma. 3 FGPs account for 16-51% of gastric epithelial polyps, of which the endoscopic findings are usually multiple, small, transparent, sessile, and frequently located in the gastric fundus and body. 4, 5 A FGP is characterized histologically by microcysts and cystic dilatation of the glands lined with parietal and chief cells.
The pathophysiology of a FGP that usually occurs in normal, non-atrophic gastric mucosa [6] [7] [8] is not known precisely. 9 In sporadic FGPs, low-grade epithelial dysplasia has been described, but its prevalence is extremely rare (approximately 1%). 10 HP represent 30-90% of gastric epithelial polyps. Their histologic features include elongation, twisting, branching, and cystic dilatation of the tortuous foveolae with inflamed stroma (so-called corkscrew appearance) lined by hyperplastic gastric mucin-containing epithelium. 11 These polyps usually develop in patients with atrophic gastritis, Helicobacter pylori (H. pylori) associated gastritis, or gastric ulcer. They can also develop on the anastomotic site of Billroth I or II surgery because such sites are exposed continuously to bile reflux and a chronic inflammatory environment. 4 In addition, four biopsies were taken to determine the background gastric mucosal pathology and H. pylori infection (each specimen from the greater and lesser curvatures of the antrum and mid-body, respectively). They were fixed in formalin and assessed for the degree of inflammatory cells (neutrophil or monocyte) infiltration, atrophy, and intestinal metaplasia by H&E staining. The histological features of gastric mucosa were recorded using the updated Sydney system and classified as absent, mild, moderate, or marked (0-3, respectively). 
SUBJECTS AND METHODS

Study design and patients
Evaluation of the symptoms at first visit, PPI and
NSAIDs intake, smoking and alcohol history, and diet by a questionnaire
All subjects responded to a questionnaire regarding their gastrointestinal symptoms, PPI and NSAIDs intake, alcohol consumption and smoking, and diet under the supervision of a well-trained interviewer soon after gastroscopy. In the case of PPI administration, the medicine and duration of intake were investigated. Symptoms (such as heartburn, acid regurgitation, chest pain, hoarseness, globus sensation, epigastric soreness, cough, dyspepsia, hematochezia, diarrhea, or no symptoms) at the time of the initial visit were chosen as the chief complaints. The dietary habits, such as salty and spicy food, were asked. Salty or spicy food was defined when the subjects added seasoning, such as salt or pepper.
Measurements of the serum gastrin concentration
The serum gastrin levels were measured using a radioimmunoassay method (Green Cross Medical Science Corp, Seoul, Korea). The normal values were 0-110 pg/mL. 17 In this study, the serum gastrin levels were measured for most of the enrolled subjects except for two. 
Statistical analysis
RESULTS
Baseline characteristics
A total of 72 subjects diagnosed with multiple gastric polyp by endoscopy were enrolled during the study period. Twelve subjects were excluded from this study. Therefore, the pathologic results of 60 patients with FGPs or HP were obtained through a gastric biopsy. Their basic characteristics are sum- 
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Comparing the endoscopic features between the FGP and HP groups
The endoscopic features of the two groups were compared; the results are shown in Table 2 . The FGPs was distributed mainly in the body of the stomach (n=23, 48.9%) and both the body and fundus (n=16, 34.0%), whereas HPs were distributed mainly in the body of the stomach (n=5, 38.5%) and in both the body and antrum (n=4, 30.8%), showing a significant difference between the two groups (p=0.005). On the other hand, there were no significant differences in the number receiving endoscopy, number of polyps, number of sub- Values are presented as the median (range) or n (%). OR, odds ratio; CI, confidence interval. a Indicates statistical significance.
jects with increased number of polyps during the study, or endoscopic classification of atrophy and intestinal metaplasia between the two groups.
In the endoscopic classification of atrophic gastritis (AG) and intestinal metaplasia (IM), one (2.1%) subject was AG C-1 in the FGP and one (7.7%) subject was C-3 in the HP.
There was no IM in either group.
Comparison of FGPs and HPs according to the risk factors and pathology findings
The risk factors of FGPs and HPs were compared; the results are summarized in Table 1 
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DISCUSSION
Gastrin is associated with a H. pylori infection. A H. pylori
infection causes HPs and oxyntic mucosal atrophy. 20 Oxyntic mucosal atrophy then leads to hypergastrinemia due to a decrease in gastric acidity. 21 Gastrin also has a tropic effect on enterochromaffin-like cells and oxyntic mucosa, and has been reported to play a pro-carcinogenic role in preclinical studies. 21, 22 Based on the pathology that serum gastrin acts as a tropic factor, HPs usually occur in chronic gastritis associated with a H. pylori infection. The development of HPs is a process of chronic inflammation and re-epithelization associated with a H. pylori infection and hypergastrinemia.
In this study, the HP group had a more frequent H. pylori infection and higher serum gastrin concentration than the Previous studies have suggested that the use of PPI is associated with FGPs. 23, 24 In addition, the incidence of FGP has increased with increasing duration of PPI administration. 23, [25] [26] [27] The mechanism involved in the increase in the incidence of FGP by PPI has not been elucidated in detail. The increase in gastrin production secondary to acid suppression can cause an enlargement of enterochromaffin-like cells and parietal cells and decrease the number of chief cells without affecting the A-like cells. 28, 29 In addition, secretory products and parietal cell protrusions with the development of gland dilatation and cystic changes as alterations might precede a FGP. 30 In this study, no subject in the FGP group with a PPI intake had parietal cell hyperplasia histologically.
In subjects taking PPI, the serum gastrin concentration was significantly higher than that in subjects not taking PPI In addition, the fact that multiple gastric polyps are found in peri-menstrual women suggests that changes in the sex hormones might be associated with the development of gastric polyps. Previous studies on colon polyps and estrogen have hypothesized that estrogen might have a direct effect on the growth of colon cancer cells in the colonic mucosa. 37, 38 Recently, Woodson et al. 39 reported that hormone replacement therapy can reduce the risk of recurrence of colon polyps in older women. On the other hand, the effects of sex hormones on gastric polyps have not been studied in detail yet; further studies will be needed. Table 4 lists the characteristics of studies regarding the association between gastric polyps and their risk factors.
Among previous studies 13, 32 of multiple gastric polyps, retrospective studies of FGPs or HPs were the most common.
Detailed PPI intake history, gastrin level, and the degree of gastric mucosal inflammation by a biopsy were not evaluated clearly. Therefore, this study had the following strengths. First, the subjects were enrolled by one endoscopic expert (NK) in a single institute. Second, the risk factors were collected prospectively with a questionnaire by a clinical research assistant. Third, the classification was performed for the antrum and body. Fourth, serum gastrin and histologic analyses were performed for all subjects with multiple gastric polyps.
This study is believed to be the first prospective study in Korea to analyze the risk factors of multiple gastric polyps with a histological review, serum gastrin, H. pylori infection, PPI his-
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The limitation of this study was that it was difficult to identify accurately the period of taking PPI prior to study enrollment because PPI administration was investigated through a questionnaire. Second, the number of subjects enrolled in this study was small, which limited the statistical analysis of the risk factors, particularly in the HP group. In addition, the precise cause and clinical significance of mild infiltration of monocytes in the surrounding gastric mucosa of the FGP remain unclear. The immune mechanism and external stimuli of the gastrointestinal tract might play a role.
In conclusion, this prospective study suggests that HPs arise due to inflammation caused by H. pylori and that FGPs are not related to PPI intake or epidemiologic causes. The association between FGPs and monocyte infiltration requires further study with a larger number of cases.
